Introduction
To provide sedation effectively and safely, the physician must understand the pharmacology of the drugs. There is no single perfect drug for any particular patient.
Benzodiazepines and opioids are the commonest agents for sedation in gastrointestinal endoscopies, while propofol is becoming more and more popular [1] [2] [3] . Differences in pharmacokinetics ( table 1 ) and pharmacodynamics render some of them advantageous over others. The doses mentioned in the text are by the intravenous route.
Opioids
Opiods exert their inhibitory actions directly via the opioid receptors ( , and ␦ ).
Meperidine has an analgesic potency 1/10th of morphine. One third of the dose is metabolized in the liver by N-demethylation to norpethidine (convulsive agent), which is metabolized to norpethidinic acid and accumulated in renal failure. In cirrhosis and elderly patients, clearance is decreased. The drug is contraindicated in patients receiving MAOIs (tachycardia, hypertension, hyperpyrexia, convulsions). For endoscopic sedation, the initial dose is 25-50 mg (additional doses: 25 mg), onset of action is 3-6 min and the duration of effect is 60-180 min [4, 5] .
Fentanyl is 600 times more lipid soluble and 100 times as potent as morphine. It is metabolized in the liver by dealkylation to norfentanyl (inactive). Fentanyl and norfentanyl are hydroxylated and excreted in the urine. In elderly patients and patients with liver disease, the t1/2 ␥ (elimination half-life) is increased. For endoscopic sedation, the initial dose is 50-100 g with additional doses of 25 g as required. The onset of action is 1-2 min and has a duration of 30-60 min [6] .
Alfentanil's t1/2 ␥ is increased in cirrhotic patients. In the liver, alfentanil undergoes N-demethylation to noralfentanil. The same hepatic enzymes CYP3A3/4 are involved in alfentanil's and midazolam's metabolism, therefore coadministration of the two drugs prolongs their effect. The dose is 2.5-5 mg/kg and for continuous infusion 0.5-1.5 mg/kg/min [7] .
Remifentanil has a potency similar to the potency of fentanyl. It is rapidly hydrolyzed by nonspecific esterases in the blood and tissues to inactive metabolites. Its context-sensitive half-time is independent of the duration of infusion. The initial rate of the infusion is 0.1 g/ kg/min and subsequently titrated to 0.025-0.2 g/kg/ min. All opioids depress the central nervous, respiratory and cardiovascular system (particularly meperidine), and they increase the intrabiliary pressure, decrease gastric motility and cause nausea/vomiting and constipation. Though sufentanil, alfentanil and remifentanil are superior to fentanyl, fentanyl is a good choice with the less cost [8, 9] .
Naloxone is a competitive antagonist at the , , and ␦ receptors. It is metabolized in the liver to naloxone-3-glucuronide. It reverses the effects of opioids (sedation, respiratory depression, delayed gastric emptying, pupillary constriction and analgesia). In patients dependent on opioids, it provokes acute withdrawal syndrome. It may cause hypertension, tachycardia, ventricular fibrillation, pulmonary edema, tachypnea, nausea, vomiting and seizures. The doses for depression and narcotic overdose are 0.08-0.1 and 0.4-1.0 mg i.v. every 3 min, respectively. The duration of the effect lasts 45-60 min. Respiratory depression and sedation may recur [10] .
Benzodiazepines
The benzodiazepine receptor is part of the GABA Areceptor complex on the subsynaptic membrane of the effector neuron. The receptor complex is made of the ␣ -, ␤ -and ␥ -subunits. The benzodiazepine binding site is located on the ␥ -subunit. With activation of the GABA A receptor, gating of the Cl -ion channel is triggered and the cell becomes hyperpolarized. Midazolam is metabolized in the liver by oxidation to ␣ -1-hydroxymidazolam, which has half the activity of midazolam and t1/2 ␥ 1 h. Diazepam undergoes N-demethylation to yield the active metabolite desmethyldiazepam, which via C-3-hydroxylation is metabolized to oxazepam. Benzodiazepines exert anxiolytic, sedative, hypnotic, amnesic, anticonvulsant and centrally produced muscle-relaxant properties, and decrease cerebral blood flow, cerebral metabolic rate, systolic and diastolic blood pressure, vascular resistance, tidal volume, and respiratory rate. The dose for midazolam is 1-2 mg with additional doses of 1 mg every 2 min. The peak effect is obtained after 3-4 min and the duration of action is 15-80 min. Diazepam is given in a dose of 5-10 mg, has a peak effect 3-5 min and the duration of action 360 min. The doses must be reduced in the elderly, morbidly obese and cirrhotic patients [11, 12] .
Flumazenil is a competitive benzodiazepine receptor antagonist with some inverse agonist activity. It causes nausea, vomiting, headaches and dizziness. To reverse conscious sedation, the recommended bolus intravenous dose is 0.2 mg, repeated up to 1 mg. For overdose, a bolus intravenous dose of 0.2 mg is given, followed by 0.3 mg, then 0.5 mg, up to a total dose of 3 mg. The continuous infusion dose is 0.5-1.0 g/kg/min [13] . 
Propofol
The action of propofol is mediated via the ␤ 1-subunit of the GABA A receptor. By activating the GABA A receptor, it increases the chloride conductance and results in hyperpolarization of the postsynaptic membrane. The drug undergoes hepatic and extrahepatic metabolism. It is 4-hydroxylated to 2,6-diisopropyl-1,4-quinol, which is excreted as glucuronide and sulfate conjugates. Propofol pharmacokinetics is independent of hepatic or renal function. Its context-sensitive half-time is much less dependent on the duration of the infusion compared to thiopental, while that of midazolam lies between the other two drugs ( fig. 1 ) . The EC 50 of propofol to prevent movement is 16 g/ml and 1.2 g/ml for full orientation after recovery.
Propofol decreases cerebral blood flow, intracranial pressure and cerebral metabolic rate. In sedative doses, it increases the activity of beta waves in the EEG. Propofol decreases myocardial contractility and systemic vascular resistance, and causes hypotension. It causes bradycardia via a decrease in the calcium influx and sympathetic tone. During conscious sedation produced by propofol, the hypoxic respiratory drive is decreased by 80%. This effect wears off 30 min after infusion discontinuation. Doses producing deep sedation decrease minute volume, increase end-tidal CO 2 , cause airway obstruction and relax the airway smooth muscle.
The recommended dose for endoscopic sedation is 10-40 mg followed by incremental doses of 10-20 mg or 25-75 g/kg/min. The peak effect is obtained in 1-2 min and the duration of effect is 4-8 min.
Fospropofol disodium is a water-soluble prodrug of propofol with a kinetic profile deprived of the high peak plasma concentrations occurring after administration of propofol [14] [15] [16] [17] [18] .
Ketamine
Ketamine acts as noncompetitive antagonist of the NMDA receptors within the central nervous system, where it antagonizes the excitatory neurotransmitter glutamate. It also binds to opioid receptors. Ketamine increases the sympathetic outflow, thus increasing arterial blood pressure, heart rate, pulmonary artery pressure and cardiac output. It depresses respiration, laryngeal and airway reflexes to a lesser extent than other anes thetics, and it causes bronchodilatation, salivation, and postoperative nausea and vomiting. Auditory and visual hallucinations during emergence, restlessness, disorientation, and vivid dreams have been reported. Postoperatively, patients should be kept in a quite dark room without any stimulation. For endoscopic sedation, the initial intravenous dose is 0.5 mg/kg, subsequently titrated to the desired effect. The duration of effect is 10-15 min [19] .
Droperidol
Droperidol produces central nervous system depression characterized by cataleptic immobility and marked apparent tranquility. It decreases the cerebral blood flow by 40%. It may cause extrapyramidal effects, apprehension, excitation, restlessness and malignant neuroleptic syndrome. It has little effect on the respiratory system. It causes vasodilatation, decreases the arterial blood pressure, has no effect on cardiac contractility and prolongs the QT c segment. Droperidol is contraindicated in thyrotoxicosis, pheochromocytoma, Parkinson's disease and QT c prolongation. It is used as an antiemetic at doses 0.625-1.25 mg. For endoscopic sedation, the dose is 1.25-2.5 mg i.v. with an onset of action of 3-10 min, and a duration of action of 3-6 h [20] . 
